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SELF-OPTIMIZING MULTI -VARIABLE POINT TO MULTIPOINT COMMUNICATION SYSTEM 

Background of the Invention 

L Field of the Invention 



This invention relates to an adaptive point to multipoint wireless conununica- 

10 tion system. 

2. Related Art 

V/ire)ess communication between a sender and a receiver includes sending in- 
15 formation using a wireless communication link, in which the sender modulates information 
onto a wireless communication channel (such as a frequency band reserved for wireless com- 
munication between the sender and the receiver), and the receiver demodulates that informa- 
tion from the wireless conununication channel, so as to recover the original information. 

20 One problem with known systems is that physical characteristics of the com- 

munication link between the sender and receiver cbjx change substantially over relatively short 
periods of time (for example, the distance between the sender and receiver or the equipment 
used by the sender or receiver). This is particularly so for interference^ such as co-channel 
interference (CCI), and for multipyoint effects, such as reflections resulting in intras^mbol in- 

25 terference and intersymbol interference. Moreover, these physical characteristics can change 
independently of one another. As a result, selection of a single set of such physical character- 
istics can result in relatively ineffective or inefficient communication between the sender and 
the receiver. 



30 Accordingly, it would be advantageous to provide a technique for adaptive 

point to multipoint wireless conmiunication, in which characteristics of the communication 
techniques between sender and receiver can be changed adaptiveiy in response to changes in 
the characteristics of the physical commimication media, that is not subject to drawbacks of 
the known art. 

1 
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Summary of the Inv^ntf^r^ 



Tie invention provides a meAod and system for adaptive poin, ,o n,„l,i„o,„, 
. ™..ess „caUo„. a preferred e.^di.e„M.» wire.ess pHysicat^yer a„;: ::: 
l«s n^dra-access^onrrol (MAC) layer collecively include a se, of pa,an,e,ers v^ich are 
-.odified .y a ^ s..ion co„.oiier for _iea.io„ ^U. a Z:^:rZ 
^jprenuses e,„,pmen,. ,„ a firs, aspee, of ,he inven.ion. ,he wireiess .ranspor, iayerin- 

™^ — -'«P-« -CSS, pro,oco.. U, a second aspec. U,e base s«,ion conool- 
« ^ con^unrcation wiUr each c„ premises e<,„ipn„n. individually and adap- 
ScT ITT Of connn^icarion. including pHv^^ 

^»cs. amount o conununicaiion uaflic. and nature of application for the communication 
^mc. -nre use of pomt-to-point multipoint wireless chamrel provides services over a link 
IS whose parametets are continuously adapting ,o current conditions, on a per-user basis. 

-•'-''ling technology for a wide variety of applica- 
tions for commun.ca.ion. so as to obtain substantia, advantages ^ capabilities that are novel 
^ no^bvous m view of tire Icnown art. Examples described below primarily relate .o a 
» weles commu„.ca..o„ system, but the invention is broadly applicable to many different 
ctlge ='>-«-s.ics Of Ure communication linic are subjec, to 

Brief Desc ription nfih^ Drawinp c 

wireless ' ' """"" ' ''^'"^ "^'"^ ^^^'^^ -^tipoint 

wireless commumcation in a wireless communication system. 

30 in.., r '^'''"'''''"''''"'^"^*^"''^^-"*>^^-^<><'forope^^^^^ 
30 mg adapuve point to multipoint wireless communication in a wir*^i.cc • ■ 

•uuiucauon m a wireless communication system. 
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Detailed Description of the Preferred Embodiment 

In the following description^ a preferred embodiment of the invention is de- 
scribed with regard to preferred process steps and data structures. Embodiments of the inven- 
5 tion can be implemented using general-purpose processors or special purpose processors 0{> 
erating under program control, or other circuits, adapted to particular process steps and data 
structures described herein. Implementation of the process steps and data structures described 
herein would not require undue experimentation or further invention. 

10 Lexicography 

The following terms refer or relate to aspects of the invention as described be- 
low. The descriptions of general meanings of these terms are not intended to be limiting, only 
illustrative. 

15 

base station controller — in general, a device for performing coordination and con- 
trol for a wireless conununication cell. There is no particular requirement that the base 
station controller must be a single device; in alternative embodiments, the base station 
controller can include a portion of a single device, a combination of multiple devices, 
20 or some hybrid thereof. 

conununication link — in general, an element for sending information from a sender 
to a recipient. Although in a preferred embodiment the commimication links referred 
to are generally wireless line of sight point to point communication links, there is no 
25 particular requirement that they are so restricted. 

customer premises equipment — in general, a device for performing conmiunication 
processes and tasks at a customer location, and operating in conjunction with the base 
station controller within a wireless communication cell. There is no particular re- 
30 quirement that the customer premises equipment must be a single device; in alternative 

embodiments, the customer premises equipment can include a ix>rtion of a single de- 
vice, a combination of multiple devices, or some hybrid thereof. 



3 
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a 
on 



s« ore™,, or para^ete. .e,aH„, ,„ p,^ca> ^i.i„„ onnfonna-io^ n 
a _,ca„o„ Hnk. For «a„,p,, pH,.icai cha„c..ns.ics can l„c,„.e (a) a 
«a„^.3,o„ .,e, (.) a „™b„ of pay.oad .a. «.s assign., p„ , , 

of e„or dcecon or co^,i„„ W„ assigned per symbol, and U« 

NIAC para„«ers - i„ genera,, ™,h reference .o a »irelcss comn,unica.io„ .ink. a 
^. of charac>ens.,cs or pa_ reiaUng ,o n,edia access con,ro, of a co™n>unica- 

by,cs ass,g„ed per nressage. (b, a fie,„ency of ac..o»,edge™e„, „«ssages and a 

72' I 7^' — nrission a„en^«. (c) a f^Uon of .he c„n„nu„ica.ion link 
allocated to downstream versu*! imrt«.a». «^ • . 

ucoin versus upstream communication, and the like. 

jvi^less c.n.n.„„ica«.„ sys.en. - in genera,, a co™n,™.ca,io„ systen, i„c,„ding a, 
leas, on. commumcation link .ha. uses ^viretess con™unica,i„n .echni,„es. 

...nspoH layer- in genera,, a se. of p^ocols and pro.oc„, paramcers for 
s^g and rece,™g infonna.ion using wireless nanspo,.. to a p^ferred embodi. 
men, >„,e,ess layer is par. of a n,ul.ilayer sys.ems an:hi.ec.ure. in which 

UK ^reless nanspon ,ayer is buil, using a physical .ranspor, layer, and .he wireless 
•ranspon layer is used by a logical ttanspon layer such as IP. 

mended .„ h r ""^ T^' '^'^'^ -""'"Ss Of U,ese .enns are no. 

maided .o he hnnnng. „„,y i,l„«,«iye. OUierand furUier applica,io„s of U,e invention i„- 
» clud„g ex.e„s,o„s of *cse .em,s and concep.^ would be clear .o U,ose of ordinary skill in le 
an after pe^^ng a,is applicauon. These oUier and «.rU»r applica.io„s are ^ 
2 ^' Of U,e urvenuon. and would he clear .o Uiose of o..ina.y skill in Jan. .yi.hou. Z 
thermvention or undue experimentation. ^ iiur 



30 System Context 



lessconunun- , ^^^^'^^ ^-"•""-Uon in a wire- 

(such as a co„pu.er ne.„„Hc) send messages. rou,e and swi.ch n«ssages. and receive mes- 
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sages. In a preferred embodiment, devices coupled to (and integrated with) the network send, 
route^ and receive these messages as sequences of packets, each of which has a header includ- 
ing delivery information and a payload including data. In a preferred embodiment, packet 
format conforms to the OSI model, in which an application protocol (layer 5, such as FTP), 
5 uses a transport protocol (layer 4, such as TCP), which uses a network protocol (layer 3, such 
as IP), which uses a media access control (MAC) protocol (layer 2), which uses a physical 
transport technique (layer 1). 

The system using adaptive point to multipoint wireless communication is de- 
10 scribed herein with regard to layer 1 and layer 2, particularly as it applies to interactions be- 
tween layer 1 and layer 2 and between those layers and layer 3. However, concepts and tech- 
niques of the invention are also applicable to other layers of the OSI model. The application 
gives examples of cases where the type of application in the application layer (layer 5) could 
be incorporated into embodiments of the invention to improve conmiunication. Adapting 
15 those concepts and techniques to such other layers would not require undue experimentation 
or further invention, and is within the scope and spirit of the invention. 

System Elements 

20 Figure 1 shows a block diagram of a system using adaptive point to multipoint 

wireless conununication in a wireless communication system. 

A system 100 includes a wireless conuntmication cell 110, a base station 
controller 120, and one or more customer premises equipment 130. 

25 

The wireless communication cell 110 includes a generally hexagon-shaped re- 
gion of local surface area, such as might be foimd in a metropolitan region. Use of generally 
hexagon-shaped regions is known in the art of wireless conmiunication because they are able 
to tile a local region with substantially no gaps. However, although in a preferred embodi- 
ao ment the wireless conmiimication cell 110 includes a generally hexagon-shaped region, there 
is no particular requirement for using that particular shape; in alternative embodiments it may 
be useful to provide another shape or tiling of the local surface area. 
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m base «a.io„ conTOlte ,20 includes a prec^sor. program and da,a men,- 
«^^^a« s-orage. and on. or n^. antennas for sending or receiving i„fon„a.i„„ nsingX 
less communication techniques. 

' no- ,H '"'"'"'^'^'^''""^"''"""'^"•-'^''''-'""•--f-n.isesequip^en, 
30 .ncludes a p^cessor. program and da.a men,o„. mass siorage. and one or more an«„I 

forsend,„gorrece,v,nginfonna,ionusi„gwelesscommm.ica.ion,echni,„es. 

10 cond«,ed "^"-^ ft= witless eommunicarion cell , 10 Is 

conduced on one-,o.ne basis be.wee„ each cus.omer premises e,uipmen, ,30 and *e base 
suuon conuoller ,20. TTms. .he base suiion conuoller UO comm™,ica.es »iu. eac ^ 
^mer prem-ses e<,„ipmem ,30. and each customer p« e<,„ipmen. 130 communicates 
w„h Ure base sianon controller ,20. Customer premises equipment ,30 do no, communica" 
directly wtth other customer premises equipmem ,30. ">niun«ate 

15 

Communication between d,e base station cont,o„er ,20 and each customer 
P^mtses cutpment ,30 is conducted using a time division duplex ted«,,ue. in which time 
dura- .s are d,v,ded into individual Trames. each one of which includes a "downstream" 

ut ea!" : r™""' ^*'°" ~ for both 

«,p.,ream and do^stream dit^tions. without specific re^ from the customer premises 

^ P<«ion of each flame, the base station controller ,20 

.-sm,ts.thusse„dinginf„n„ationtooneormor.eustomerpremisese<,uipme„t,30. During 
the^upstream ponion of each flame, each customer premises equipment ,30 is potentiaiW a, 
^ted a t,me slot for transmission, thus for siding infotmation to the base station cont,;„er 
,20. W d,v.s.o„ dup,ex tech„i<^s are Icnown in the ar, of wireiess eommumcation. 

30 -tdapiH,: Point loMuMpoimCon,n,v„lcallon 



^.liT^r "^"^ " ~ 

con.ro, of each patamcer by U,e base s.«io„ con«o„er ,20 is independem and i^iividua, wi* 
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regard to each customer premises equipment 1 30. Thus for example, the base station control- 
ler 120 determines power level and modulation type for each customer premises equipment 
130 without regard to power level and modulation type for any other customer premises 
equipment 130. Similarly, the base station controller 120 determines power level for a par- 
ticular customer premises equipment 130 without regard for modulation tvpe for that particu- 
lar customer premises equipment 130. 

However, in alternative embodiments, the base station controller 120 may con- 
trol multiple parameters in groups, or in a correlated manner. Thus, the base station controller 
120 may alternatively determine power level and modulation type for a particular customer 
premises equipment 130 as a pair of values, where the pair of values are determined so that 
the optimal pair (rather than optimal individual values) are selected. For example, the base 
station controller 120 may notice that a partictJar customer premises equipment 130 needs 
substantially less transmission power level when using a more robust modulation type, and 
thus select the power level and modulation type parameters for that particular customer prem- 
ises equipment 130 jointly so as to be optimal as a pair, rather than as individual values. 

In further alternative embodiments, the base station controller 120 may control 
parameters for multiple customer premises equipment 130 in groups, or in a correlated man- 
ner. Thus, the base station controller 120 may alternatively select a group of more than one 
customer premises equipment 130 and control physical parameters and MAC parameters for 
the group as a whole, where the parameters are determined so as to be optimal for the group, 
rather than for individual customer premises equipment 130. For example, the base station 
controller 120 may notice that two customer premises equipment 130 A and B generate sub- 
stantial co-channel interference, and therefore set the channel selection parameters for those 
two customer premises equipment 130 A and B to avoid that co-channel interference. 

As a further alternative embodiment of controlling parameters for multiple cus- 
tomer premises equipment 130 in groups, the base station controller 120 may control parame- 
ters so that (for a group of N customer premises equipment 130), some portion M of those 
customer premises equipment 130 have a first set of parameters, while some other portion (N 
- M) of those customer premises equipment 130 have a second set of parameters, so that 
communication with the entire group of N customer premises equipment 130 is optimal. For 
example, the base station controller 120 may determine, for N = 10 customer premises equip- 

7 
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«a,.o„ co„,r„„er ,20 a, 20 .e,asy.Ms p., second. *e ,e„,^„i„g _ m)^ ^Tr 

.hose c„s,o.er prcnises e,„ip.e„, ,30 co„»»ie,» base s.a.io„ conuoMe/.^o a. 5 

™b„,s per second, so .ha. ^,oca.ed .sou.es a. ™.„i„u^ for con,™u„ca.r^^ 
.heen,„egroi,pofN=,0c„s.on,erp™„isese,uipnK»,130. ~ 

In a prefeTed embodimen,. each of the following pamnetc.^ actually has two 
values: a value fo. t^nsntission by the base station cont^lle. UO and a second vate^ 
„on by the custon-er p^nUse. e<,uip„,„. ,30. T.US. the base station conttoJiaO 
t^snu. ustng a first set of patantetets while the custonter premises e,„ipn»„. ,30 is in 
.n^cted ,„ transmit using a second set of pa^nete.. •Tl.ere is no pa„icular L,uire™cn . 
U,e fet set of patan^ete,. and the second set of paranteters need be conelated. except ^ ^ 
.._s desnable due to the nature of the con„„u„ication .ink between ,be base IZ 
controller 120 and the custonter premises etpUpment 130. 

In altentative embodiments, the optimizations selected by the base sation 

m the OSI m«iel. For example, thete are instances noted below in which, if.be application 
l«e ts transm tang voice infonnaUon or other streaming media. 3 first set of p™ 
wou ^ co^dered optima.; while if the application ,eve, is transmitting file da a or I 
rclauvely cohestve mfonnation. a second set of paramete.. ,v„„ld be considered optimal. 

thefollo^n. 1" ° ™'»^™"«. P'>!-ical partuneters and MAC pat^neters include 

uie toJIowing physical parameters: 

antenna s....«.n _ .^^^^^^^ ^^^^ 

and ««h customer premises equipment 1 30 includes one or more antennas. Inapre-' 
ferred embodiment, the antemta selection parameter includes a choice of which one 
antenna at the base sution controlier .20 and which one antenna at the each customer 
premises equipment 130. 

In altemative embodiments, the antenna selection parameter includes the possibility of 
seudmg po^ons of communication signal from each of a plu^Hty of antennas (thus. 
Cher stmultaneously sending f„m two antennas or sending fiom one antenna fo,- 
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lowed by a second antenna) and similarly receiving portions of communication signal 
at each of a plurality of antennas. 

power level — The base station controller 120 sets the power allocated for transmis- 
sion. . 

channel selection — The communication link includes more than one frequency 
chaimel on which transmissions are sent and received. In a preferred embodiment, the 
channel selection parameter includes a choice of which one chaimel the base station 
controller 120 uses to transmit and which one chaimel the each customer premises 
equipment 1 30 transmit. 

Similar to antenna selection, in alternative embodiments, the channel selection pa- 
rameter includes the possibility of sending portions of communication signal from 
each of a plurality of channels (thus, either simultaneously sending from two channels 
or sendini: from one channel followed by a second channel) and similarly receiving 
portions of communication signal at each of a plurality of channels. 

In altcmatix e embodiments, the conmnmication link may include other types of chan- 
nel other than frequency division (FDMA), such as spread spectrum code diviaon 
(CDMA I. or some combination of transmission separation techniques, such as a com- 
bination of CDMA, FDMA, and TDMA techniques. In such alternative embodiments, 
the channel selection parameter includes the possibility of selecting one or more of 
such separation techniques either independently or jointly. 

modulation type — The base station controller 120 and the customer premises 
equipment 130 can exchange information at one of a number of different bit per sym- 
bol rates, as determined by the modulation type for transmission of information. In a 
preferred embodiment, the modulation type parameter selects between QPSK, 
16QAM, and 64QAM modulation techniques. When the modulation type is QPSK, 
two bits are transmitted for each symbol. Similarly, when the modulation type is 
16QAM, four bits are transmitted for each symbol, and when the modulation type is 
64QAM, six bits are transmitted for each symbol. 
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in alttmauva e„,b«dime„,s. ,he moduladon type „ay ind„de od«r .echniques for 
modulation, such as QFSK or o,hcr frequency modulation ,.chni,u«. spread sp=c,™„ 
modulation techniques, or some combinaiion llKreof. 

symbol rat. _ The base station controller 120 ami the customer ,«mises equipment 
130 can exchange information at one of a number of diffet^tt symbol per second mes 
as detennined by the symbol rate for transmission of infonnation. In a preferred em-" 
bodtment. the symbol rate parameter selects between transmission rates of five, ten or 

twenty megasymbols per second. 



error cod. type - The base station controller 120 and the customer premises equip- 
men, 130 can exchange infomtation usmg one of a number of different etror detecUon 
and correction techniques. Tltese error detection and cotrection techniques can inch.de 
past cror detection and conection ^ forwarf em,r detection and erection. Various 
codes and techniques for enor detection and conection ate known in «,e art of infor- 
manon science. In a prefened embodiment. tiK error code type parameter selects be- 
tween Re,d.S„lomon codes encoding N payload bits using a block of M transmined 
bits, where M is greater than or equal to N. 

equalization - When base station cont„>lIer 120 and the customer premises equip- 
ment 130 exchange information, the communication link between the two imposes an 
impulse response, so that a signal which is transmined ftom the sender to the receiver 
.s transformed in a substantially nonlinear manner. The impulse response is primarily 
due to multipath effects of communication between the sender and receiver, but can 
also be due to other frequency-diverse effects such as weather. 

In a preferred embodiment, the base station controller 120 and the customer premises 
equipment 130 include an equalizer element, which attempts to invert the impulse re- 
sponse of the communication link by pre-conditioning the signal before transmission 
TT,e equalizer elemem includes a sequence of coefficients for use in a finite impulse 
response (FIR) filter, or may include a sequence of coefficients for use in a polynomial 
for detennining values for an infinite impulse response (IIR) filter. TT^e equalization 
parameter thus includes the sequence of coefficients for the filter used for pre- 
conditioning the signal before transmission. 
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In a preferred embodiment, physical parameters and MAC parameters include 
the following MAC parameters: 

message size — The base station controller 120 and the customer premises equipment 
130 exchange infomiation using (downstream or upstream) payload elements, each of 
which includes header information and payload information. The message size pa- 
rameter includes a value for the amount of payload information to be included in each 
payload element; this value can vary from a relatively small number of payload bytes 
to the maximum number of payload bytes allowed by the network (layer 2) protocol, 
typically about 1500. 

In a preferred embodiment, the message size parameter is primarily responsive to the 
bit error rate (BER) experienced for the conmiunication link between the base station 
controller 120 and the customer premises equipment 130. When the bit error rate is 
relatively small, the message size parameter can be set to be relatively large, so as to 
reduce the amotmt of overhead for header information in each payload element. How- 
ever, when the bit error rate is relatively larger, the message size parameter can be set 
to be relatively smaller, so as to reduce the amount of overhead for lost payload ele- 
ments due to errors in one or more symbols of transmitted payload elements. 

Those skilled in the art recognize, after perusal of this application, that there is a 
relationship between the modulation type, error code type, and message size. Thus, 
where the modulation type allocates relatively fewer bits per symbol, the likelihood of 
error for any particular symbol is relatively lower, and the bit error rate will also be 
relatively lower. Similarly, where the error code type allocates relatively more error 
detection or correction bits per symbol, the likelihood of error for a particular symbol 
is also relatively lower, and the bit error rate will also be relatively lower. In those 
cases where the bit error rate is relatively lower, the message size parameter can be set 
to a relatively larger value. 

acknowledgment and retransmission — The base station controller 120 and the cus- 
tomer premises equipment 130 exchange information using acknowledgment (ARQ) 
messages, so as to indicate to the sender whether or not the receiver has accurately re- 
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cc.v«. an, par„cu,a, payload Cemen,. ,f a pa„icu>a, payioad e,^ is no. received 
*e sender can decide ,o re„ans™i, ,ha, payload ele„,en. a „„™ber of ,i„,es. so as to a,- 
.emp. ,o having received correciy. Tl,e aclcno„.edgn,en. paran«er selects how fie- 
quenUy ac.a,owIedp„en, n,essages are osed ,o reply .o paytead elen,en«. and U,us 
how fre,nen,ly ,o le, ,he sender know „heU«r UK,se payload element have been re- 
ce,ved. Sunilarly. .he re»ansn,ission parameter selecu how persls<e„,ly a,e seller 
will anerapr to send or resend payload elements to the receiver. 

Those sUlled in .he ar. wil, recognize, after pert^al of .his application, that th«e is a 
relat,o„sh.p between the application in use by the layer 5 application protocol and the 
cho.ce of aclcnowledgment and retransmission paramet«s. For example, where the 
apphcanon .ndudes voice nansmission or oU« seaming media. U»re is little value 
m retransmining any particular payload element, as Ae rtme for decoding and pres««. 
...g U,at payload clement is usually well passed by the .ime that particular payk>«i 
element can be retransmined by the sender and received by the receiver. On the con- 
.rary, for example. ,vhere the allocation includes file data transfer. U,e.e is relatively 
reater value in retransmirting each los, payload element, as each and every payload 
elemen. is generally required for u«ful reception of U.e entire file data .ransfer! 

TDD duty cycle -The base s«.ion connoller 120 and ti» cuslomer premises equip- 
men. BO exchange infonnation using a downstream portion and an upstream ponion 
Of a TDMA transmission ftame. ^ TDD duty cycle parameter select how much of 
*e TDMA ttansmission frame is allocked for downstream infonnation n^e, and 

how much of the ream a tiansmission frame is allocated for upsm^am infomtation 

25 transfer. 



30 



As describe below, the base station controller 120 maintains these physical pa- 
rameters a„d MAC parameters, and adaptive.y modifies d,em with changing conditions on ti,e 
commun,ca.K,n Unk be,we«, d« base su.ion con^oller ,20 and cus.omer premises equip- 
mcn. 130. Thus, when ,he base s«ti.„ con«,l.er 120 notices a change in charac.eris.ics of 
.he commumca.,on link. i. does no. immedia.ely alter the physical parameters and MAC 
^ers to correspond exac.ly .o the new characteristics of .he communication link 
Rath^, the base station contioller 120 main.ains . sequence ,of a. least one, pas. sets of vail 
nes of these parameters, and m^lifics the most recem set of parameters using the new charac 
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teristics, so as to adjiist the set of parameters dynamically while allowing sets of values of 
these parameters to have persistent effect on future values. 

In a preferred embodiment, the base station controller 120 records each current 
5 value for the physical parameters and MAC parameters, detemiines exact values for the physi- 
cal parameters and MAC parameters in response to characteristics of the conununication link, 
and adaptively selects new values for the physical parameters and MAC parameters (thus, for 
the next TDMA frame) by linearly mixing current values with dynamic values. Operation of 
this technique is shown in the following equation 140: 

10 

value new ^ 1 - alpha ♦ value cmicni + alpha * value cxaci 
(140) 

where 

value WW = the new value of each parameter, for the next TDMA frame; 

value cuircm ~ the current value of each parameter, for the most recent TDMA frame; 

value cxaa = the dynamic exact value of each parameter, determined in response to 
characteristics of the communication link; 

and 

alpha = a hysteresis parameter for determining how fast to respond to changes in 
25 characteristics of the communication link. 

In a preferred embodiment, the value of alpha is specific to each individual 
physical parameter and MAC parameter. 

30 Method of Operation 

Figure 2 shows a process flow diagram of a method for operating a system us- 
ing adaptive point to multipoint wireless communication in a wireless communication system. 

13 
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A mchod 200 incrudes a se. of now poims and a se. of Hk sys.™ ,00 

^rl' ""f ■""""^ "-'-^^^ Of I 

meU,«, 200 can be perfo^ed by scpa«,e el«ne„u i„ oonjuncUon or in pan-Iid „h«h.r 

!::tTn:it~'"'"-"'*""""*-™"'--^-- 

A. a now poiM 2,0, .he base station co„.„>„cr 120 and ,h. cus,on,er premises 
equipmen. 130 are ready to begin a TDMA frame. 

10 

n,em nn ' 211, the base station controller 120 and the customer premises equip. 

col l e. T20 ; -^"^ ^ ^ I- of this step, the base station 

controller 120 chrects the customer premises equipment ,30 regarding which physical 
parameters and MAC parameters to use. 6 ^ cn pnysical 

15 

^^^^^^P 212. the base Station controller 120 determines characteristics Of the 
communication link with thp nt^K^tr^rr^^^ ^ • - 

of the . ■ ^ " equipment 130. in response to performance 

of the communication during the previous TDMA frame. 

213, the base station controllerl20 determines exact values for the 
Physical parameters and MAC parameters in response to characteristics of the communication 

25 nhv • . ^ ''''' determines new values for the 

physical pa_ and MAC parameters in response to results of the previous step, and per- 
formance of the equation MO. 

After this step, the base station control,er 120 and the customer premises 
equt^ent 130 have perfonned one sending and receiving infonnation using a TDMA frame. 
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Generality of the Invention 

The invention has general applicability to various fields of use, not necessarily 
related to the services described above. For example, these fields of use can include one or 
5 more of, or some combination of. the following: 

The invention is applicable to other forms of wireless communication, such as fre- 
quency division multiple access (FDMA) or code division multiple access (CDMA^ 
also known as spread spectrum communication): 

10 

The invention is applicable to wireline (that is. non-wireless) conmiimication, in which 
now can be achieved from dynamically adjusting communication parameters, such as 
physical parameters or MAC parameters. For example, the invention can be general- 
ized to wireline communication using modems in which equalization parameters are to 
15 be dynamically adjusted. 

The invention is applicable to other wireless communication systems, such as satellite 
communication systems and (microwave tower or other) point to point transmission 
systems. 

20 

The invention is applicable to both fixed wireless communication systems, in which 
customer premises equipment do not move relative to the base station controller 120, 
and to mobile wireless communication systems, and which cxistomer premises equip- 
ment move substantially relative to the base station controller 120. 

25 

Other and further applications of the invention in its most general fomi, will be 
clear to those skilled in the art after perusal of this application, and are within the scope and 
spirit of the invention. 

30 Alternative Embodiments 



Although preferred embodiments are disclosed herein, many variations are 
possible which remain within the concept, scope, and spirit of the invention, and these varia- 
tions would become clear to those skilled in the art after perusal of this application. 

35 
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Claims 
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30 



1- A method, including steps of 

determining first values for a plurality of first parameters at least one sec- 
ond parameter for a communication link, said first parameters being associated with a first 
layer of an OSI model communication system and said second parameter being associated 
with a second layer of an OSI model communication system; 

sending first information using said first values: 

obtaining second information regarding characteristics of said communication 
link m response to a result of said steps of sending; and 

adjusting a plurality of said first values in conjunction in response to said sec- 
ond mformation, whereby fiirther use of said communication link is responsive to said steps of 
adjusting. *^ 



15 



2. 



A method as in claim 1 . wherein said first layer and said second layer 
are selected from the group: a physical layer, a media access layer, a network layer, a transport 
layer, an application layer. 

, ^"^*^^^'"*^'^'"«'^^h«rein said first parameters include at least 

two of: an antenna selection value, a power level value, a channel selection value, a modula- 
tion type value, a symbol rate value, an error code type value, a set of equalization values 



4. A method as in claim 1. wherein said second parameters include at least 
one of: a payload element size, a message size value, a set of acknowledgment and retransmis- 
sion values, a TDD duty cycle value. 



5. A method as in claim 1 , wherein said steps of adjusting include steps of 
dynamically selecting a set of altered first values in response to said second information, said 
set of altered first values including at least two changes to said first parameters and said sec- 
ond peters, said set of altered first values having been determined to be superior to al- 
tered first values having only one change to said first parameters and said second parameters 
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6. A method as in claim 1 , wherein said communication link is subject to 
at least one of: interference effects, multipath effects, both interference effects and multipath 
effects. 

7. A method as in claim K wherein said communication link includes a 
wireless communication link. 

8. A method as in claim 1 , wherein said commtmicaiion link includes a 
plurality of distinguishable channels, said channels being distinguished vising a plurality of: 
frequency division, time division, space division, spread spectrum code division. 

9. A method as in claim K wherein said conmiunication link includes a 
plurality of distinguishable channels, said channels being distinguished using at least one of: 
frequency division, time division, space division, spread spectrum code division. 

10. A method as in claim 1, including steps of 

recording an old set of said first values for said communication link; 
and wherein said steps of adjusting include 

calculating a new set of said first values for said communication link in re- 
sponse to a resuh of said steps of obtaining second information; 

combining an adjusted set of said first values adaptively in response to said old 
set of said first values and said new set of said first values. 

11. A method is in claim 10, wherein said steps of combining include de- 
termining said adjusted set tising at least one hysteresis parameter. 

12. A method as in claim 1 , wherein said steps of adjusting are responsive 
to a type of protocol being used by at least one of the group: a physical layer, a media access 
layer, a network layer, a transport layer, an application layer. 

13. A method as in claim 1 2, wherein said steps of adjusting are responsive 
to whether an application layer protocol is for asymmetric transfer of infomiation. 
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14. A method a. in ciaim 12. whcmn said steps of adjusting arerespoimve 
.o whethc an appiication layer protocol is for sending voice or video infomtation. 
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FIG. 1 



THE BASE STATION CONTROLLER 120 
AND THE CUSTOMER PREMISES 
EQUIPMENT 1 30 ARE READY TO 
BEGIN A TDMA FRAME 



210 



THE BASE STATION CONTROLLER 120 
AND THE CUSTOMER PREMISES 
EQUIPMENT 130 CONDUCT 
COMMUNICATION USING 
A TDMA FRAME 



211 



THE BASE STATION CONTROLLER 120 
DETERMINES THE CHARACTERISTICS 
OF THE COMMUNICATION LINK WITH 
THE CUSTOMER PREMISES 
EQUIPMENT 130 IN RESPONSE TO 
PERFORMANCE OF THE 
COMMUNICATION DURING THE 
PREVIOUS TDMA FRAME 



-212 



THE BASE STATION CONTROLLER 120 
DETERMINES EXACT VALUES FOR 
THE PHYSICAL PARAMETERS AND 
MAC PARAMETERS IN RESPONSE 
TO CHARACTERISTICS OF 
THE COMMUNICATION LINK 
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THE BASE STATION CONTROLLER 120 
DETERMINES NEW VALUES FOR THE 
PHYSICAL PARAMETERS AND MAC 
PARAMETERS IN RESPONSE TO 
THE RESULTS OF THE PREVIOUS 
STEP AND THE PERFORMANCE 
OF THE EQUATION 140 
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